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(57) ABSTRACT

A method and apparatus for managing transmit power for
device-to-device communication is provided. According to
an embodiment of the mvention, a UE uses a component
carrier of one cell to engage 1n D2D communication. In
parallel with its D2D communication, the UE uses one or
more other component carriers ol one or more other cells to
engage 1n cellular commumication. The UE configures 1ts
D2D transmit power as well as 1ts cellular transmit power so
that 1ts total transmit power does not exceed the UEs maxi-
mum power limit, and so that the transmit power on a com-
ponent carrier of a cell does not exceed the maximum power
limat for the cell that provides the component carrier.
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METHOD AND APPARATUS FOR MANAGING
TRANSMIT POWER FOR
DEVICE-TO-DEVICE COMMUNICATION

TECHNICAL FIELD

The disclosure relates to device-to-device communication
1n a wireless network.

BACKGROUND

The demand for data capacity in wireless networks has
increased dramatically with the widespread use of smart-
phones and tablet computers. In addition to traditional voice
services, consumers now expect to be able to use their wire-
less devices to watch streaming video, often 1n a high-defini-
tion format, play on-line games in real-time, and transier
large files. This has put additional load on wireless networks
and, 1 spite of advances in cellular technology (e.g., the
deployment of 4G networks, the use of newer versions of the
IEEE 802.11 family of standards), capacity is still an 1ssue
that providers have to consider.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an example of a communication system in which
various embodiments of the invention may be implemented.

FIG. 2 1s a block diagram depicting certain aspects of a
network entity in accordance with an embodiment of the
invention.

FIG. 3 1s a block diagram depicting aspects of a UE in an
embodiment of the invention.

FIG. 4A 1s a frame structure according to an embodiment
of the mvention.

FIG. 4B 1s aresource block according to an embodiment of
the 1nvention.

FIG. § 1s an uplink subirame according to an embodiment
of the mvention.

FI1G. 6 1s a downlink subirame according to an embodiment
of the invention.

FIGS. 7A and 7B show carrier aggregation according to an
embodiment of the invention.

FIG. 8 shows an example of communication using various
embodiments of the invention.

DESCRIPTION

Cellular networks such as LTE and UMTS have tradition-
ally operated on a model in which the network controls radio
communications, and communication between UEs passes
through the network. Thus, it normally requires at least two
hops on the cellular network for data to get from a first UE to
a second UE, and more hops i1 routing 1s necessary. Multiple
hops may even be required when the two UEs are connected
to the same cell.

In Device-to Device (D2D) communication, however, UEs
communicate directly with one another without the cellular
network acting as an intermediary. Data therefore travels
from the first UE to the second UE with only one hop.

Introducing D2D communication on top of CA (Carrier
Aggregation) presents challenges. When a cellular network
employs carrier aggregation, a UE communicates using mul-
tiple component carriers. The UE typically regulates 1ts trans-
mit power on the different carriers so as to avoid exceeding a
maximum allowable transmit power, e.g., a per-UE maxi-
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2

also needs to ensure that i1t transmits to other UE(s) (1.e., UEs
that are also participating in D2D communication) at an
appropriate transmit power

In accordance with the foregoing, a method and apparatus
for managing transmit power for device-to-device communi-
cation 1s provided. According to an embodiment of the inven-
tion, a UE uses a component carrier of one cell, to engage in
D2D communication. In parallel with 1ts D2D communica-
tion, the UE uses one or more other component carriers of one
or more other cells to engage 1n cellular communication. The
UE configures 1ts D2D transmit power as well as 1ts cellular
transmit power so that its total transmit power does not exceed
the UEs maximum power limit, and so that the transmit power
on a component carrier of a cell does not exceed the maxi-
mum power limit for the cell that provides the component
carriet.

According to an embodiment of the imnvention, when a UE
engages with D2D communication, 1t manages transmit
power by determining a first configured maximum output
power which 1s based on a configuration of a first cell), and a
second configured maximum output power, (which 1s based
on the configuration of the first cell and a configuration of a
second cell).

If the UE determines that the total transmit power would
exceed the second configured maximum output power, the
UE determines a cellular transmit power based on one or
more factors. Such factors include one or more of the follow-
ing: the first configured maximum; output power; the second
configured maximum output power; the relative priority of
service of device-to-device communication and cellular com-
munication; a guaranteed transmit power for device-to-de-
vice communication (up to a predetermined threshold maxi-
mum power reduction); a transmit power of a cellular uplink
control channel; and a configured maximum output power for
D2D transmission. The UE transmits a cellular signal on a
carrier of the first cell at the determined cellular transmait
POWEL.

The UE may also determines a device-to-device transmit
power based on one or more of the following factors: the first
configured maximum output power; the second configured
maximum output power; the relative priority of service of
device-to-device communication and cellular communica-
tion (e.g., the priority of one or more of a cellular uplink
control channel and a cellular uplink data channel that carries
uplink control information); and a maximum power reduction
to the configured maximum output power for D2D transmis-
sion. The UE transmits a device-to-device signal to a second
UE on a carrier of the second cell at the determined device-
to-device transmit power.

The cellular transmit power determined by the UE may be
a cellular uplink data channel power. Furthermore, transmiut-
ting the cellular signal may involve transmitting a cellular
data signal on the carrier of the first cell at the determined
cellular uplink data channel transmit power; and transmitting
the cellular control signal on the carrier of the first cell.

According to an embodiment of the invention, a UE
receives (from a network entity) an indication (e.g., a com-
mand) to perform device-to-device communication on mul-
tiple uplink carriers, including a first uplink carrier, and deter-
mines a total configured maximum output power. The UE
may determine the total configured maximum output power,
which 1s based on maximum power requirements for config-
ured serving cells that are associated with the uplink carriers.
The UE transmits a device-to-device signal on the first uplink
carrier. The UE determines the power of the device-to-device
signal based on what the UE’s total transmit power would be.
If the total transmit power of the UE would exceed the total
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configured maximum output power, the UE transmits the
D2D signal at a first transmit power level. If the total transmut
power of the UE would not exceed the total configured maxi-
mum output power, the UE transmits the D2D signal at a
second transmit power level.

The UE also transmits a set of cellular signals on one or
more of the uplink carriers—other than the first uplink car-
rier—at a first set of transmit power levels if the total transmit
power ol the UE would exceed the total configured maximum
output power, or at a second set of transmit power levels 11 the
total transmit power of the UE would not exceed the total
configured maximum output power. The UE may determine
the first set of power levels based on whether there 1s a
guaranteed transmit power for device-to-device communica-
tion up to a predetermined threshold. Additionally, the LIE
may determine the first transmit power level of the device-to-
device signal and the first set of transmit power levels of the
set of cellular signals based on a maximum power reduction
of a configured maximum output power for the D2D trans-
mission.

In an embodiment of the mvention, the total configured
maximum output power 1s a first total configured maximum
output power, and the UE determines a second total config-
ured maximum output power, which 1s based on the maxi-
mum power requirements for the plurality of configured serv-
ing cells except a cell associated with the first uplink carrier.
Furthermore, the first set of transmit power levels of the set of
cellular signals may be based on one or more of the first and
second total configured maximum output powers.

In an embodiment of the invention, the UE determines the
first transmit power level of the device-to-device signal and
the first set of transmit power levels of the set of cellular
signals based on the priority of service of device-to-device
communication relative to that of cellular communication.

Referring to FI1G. 1, an example of a wireless communica-
tion network 1n which embodiments of the mnvention may be
used will now be described. The network 100 1s configured to
use one or more Radio Access Technologies (RATSs),
examples of which include an E-UTRA, IEEE 802.11, and
IEEE 802.16. The network 100 includes a first cell 101k a
second cell 1017, and a third cell 101c¢. First cell 1014 1s
managed by a first network entity NEKk, second cell 101/ 1s
managed by a second network entity NEj, and third cell 101c¢
1s managed by a third network entity NECc.

Also shown 1n FIG. 1 are UE1, UE2, and UE3. Fach of the
UESs 1s 1n communication with the network 100 via one or
more of the network entities, either 1n an active mode or an
idle mode. Possible implementations of a UE include a
mobile phone, a tablet computer, a laptop, and an M2M
(Machine-to-Machine) device. Communication between a
network entity and a UE typically occurs when the UE 1s
located within the network entity’s cell. For example cach of
NEKk, NEj, and NEc can transmit signals to and recerve signals
from UE1. NEj would typically communicate with UE2 and
UE3. The term ““cell” as used herein may refer the geographi-
cal area covered by a network entity, or may refer to the
network entity itself. The context in which the term 1s used
will indicate 1ts meaming. For example, when a UE 1s said to
be transmitting to a cell, 1t should be understood to mean that
the UE 1s transmitting to the network entity that controls the
cell. When a UE 1s said to be 1n a cell, for example, the term
“cell” refers to the geographical area. In the geographical
sense, a sector 1s a type of cell.

One or more of cells of FIG. 1 may be a virtual cell. A
virtual cell 1s a cell that 1s created as a result of multiple
network entities cooperating. A UE generally does not per-
ceive any distinction between a virtual cell and a non-virtual
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4

cell. Possible implementations of cells 1014, 101/, and 101c¢
include a macrocell, a femtocell, a picocell, and a wireless
access point.

The term “network entity” as used herein refers to hard-
ware and solftware that operates as part of the infrastructure of
a network. Examples include an E-UTRA base station, an
e¢NB, a transmission point, a Remote Radio Head, an HeNB,
arelay node, an 802.11 AP, and an IEEE 802.16 base station.

A network entity can be made of multiple network entities.
For example, two base stations may operate in conjunction
with one another to operate as a single network entity. A
network entity may also mean a sub-portion of another net-
work enfity. For example, a base station (a network entity)
may control multiple cells, each of which 1s controlled by
certain resources of the base station. Each set of resources
(e.g., each antenna array along with the equipment that con-
trols 1t) may constitute a separate network entity.

In some embodiments of the invention, two or more cells
are controlled by a single network entity, or by multiple
network entities that coordinate with one another, e.g., when
Carrier Aggregation (CA) or Coordinated Multipoint com-
munication (CoMP) 1s being used.

The cells, network entities, and UEs of FIG. 1 are only
representative, and are mtended to facilitate description. In
fact, the network 100 may have many cells and network
entities and be 1 communication with many UEs. For
example, 1T the network 100 1s an LTE network, there are
likely many eNBs controlling many macrocells, and many
users may be moving within and between the macrocells,
with their UEs connected to one or more of the macrocells.

Referring still to FIG. 1, the network 100 also includes a
backhaul network 107. The backhaul network 107 includes
wired and wireless infrastructure elements, such a fiber optic
lines and wireless microwave links, that carry signals around
various parts of the network 100, including among the cells.
The network 100 also includes a core network 106 that con-
trols the operation of the network 100 using various
resources, including billing systems, home location registers,
and 1nternet gateways. Several core resources are depicted 1n
FIG. 1. In an LTE implementation, resources of the core
network 106 communicate with network entities over E-U'T-
RAN, and with other networks.

FIG. 2 illustrates a configuration of a network entity (from
FIG. 1) 1n accordance with an embodiment of the invention.
The network entity includes a controller/processor 210, a
memory 220, a database interface 230, a transceiver 240,
input/output (I/0) device iterface 250, a network interface
260, and one more antennas, represented by antenna 221.
Each of these elements 1s commumnicatively linked to one
another via one or more data pathways 270. Examples of data
pathways include wires, conductive pathways on a micro-
chip, and wireless connections.

During operation of the network entity, the transceiver 240
receives data from the controller/processor 210 and transmits
RF signals representing the data via the antenna 221. Simi-
larly, the transceiver 240 receives RF signals via the antenna
221 converts the signals into the appropriately formatted data,
and provides the data to the controller/processor 210. The
controller/processor 210 retrieves instructions from the
memory 220 and, based on those instructions, provides out-
going data to, or recerves incoming data from the transcerver
240. If needed, the controller/processor can retrieve from a
database, via the database interface 230, data that facilitates
its operation.

Referring still to FIG. 2, the controller/processor 210 trans-
mits data to other network entities of the network 100 (FIG. 1)
via the network interface 260, which 1s coupled to the back-
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haul network 107. The controller/processor 210 can also
recerve data from and send data to an external device, such as
an external drive, via the input, output interface 250.

The controller processor 210 may be any programmable.
processor. The controller/processor 210 may be imple-
mented, for example, as a general-purpose or special purpose
computer, a microprocessor (€.g., a programmed micropro-
cessor), peripheral integrated circuit elements, application-
specific mtegrated circuit or other integrated circuits, hard-
ware/electronic logic circuits, such as a discrete element
circuit, a programmable logic device, such as a program-
mable logic array, field programmable gate-array.

The memory 220 may be implemented 1n a variety of ways,
including as volatile and nonvolatile data storage, electrical,
magnetic optical memories, random access memory (RAM),
cache, or hard drive, Data 1s stored in the memory 220 or in a
separate database. The database 1nterface 230 1s used by the
controller/processor 210 to access the database. The database
may contain formatting data that allows the UE to connect to
the network 100 (FI1G. 1).

The I/0 device interface 250 may be connected to one or
more mput devices such as a keyboard, mouse, pen-operated
touch screen or monaitor, or voice-recognition device. The I/O
device mterface 250 may also be connected to one or more
output devices, such as a monitor, printer, disk drive, or
speakers. The I/O device interface 250 may receive a data task
or connection criteria from a network admainistrator.

The network connection interface 260 may be connected to
a communication device, modem, network interface card, a
transceiver, or any other device capable of transmitting sig-
nals to, and recerving signals from the network 100. The
network connection interface 260 may be used to connect a
client device to the network 100.

According to an embodiment of the invention, the antenna
221 1s one of a set of geographically collocated or proximal
physical antenna elements linked to the one or more data
paths 270, each having one or more transmitters and one or
more receivers. The number of transmitters that the network
entity has 1s related, to the number of transmit antennas that
the network entity has. The network entity may use the mul-
tiple antennas to support MIMO communication.

FIG. 3 1s a block diagram of a UE (such as one or more of
the UEs depicted in FIG. 1) according to an embodiment of

the invention. The UFE includes a transceiver 302, which 1s
capable of sending and recerving data over the network 100.
The transcerver 1s linked to one or more antennas, represented
by antenna 303, which may be configured like the one or more
antennas of the network entity of FI1G. 2. The UE may support
MIMO.

The UE also includes a processor 304 that executes stored
programs, as well as a volatile memory 306, and a non-
volatile memory 308. The volatile memory 306 and the non-
volatile memory 308 are used by the processor 304 1n the
same manner that the controller/processor 210 of the network
entity uses the memory 220. The UE includes a user input
interface 310 that may have elements such as a keypad, dis-
play, or touch screen. The UE also includes an audio intertace
312 have elements such as a microphone, earphone, and
speaker. The UE also includes a component interface 314
(e.g., a universal serial bus (USB) interface) to which addi-
tional elements may be attached. Finally, the UE includes a
power management module 316. The power management
module, under the control of the processor 304, controls the
amount of power used by the transceiver 301 to transmit
signals. The processor obtains the instructions and data e.g.,
power levels, a look-up table as described below) that 1t uses
to control the power management module to perform tasks,
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such as setting the transmit power of the UE for cellular
and/or D2D communication. The processor also controls the
transcerver to obtain power (as managed by the power man-
agement module), and to transmit signals at those power
levels.

During operation, the transceiver 302 receives data from
the processor 304 and transmits RE signals representing the
data via the antenna 303. Similarly, the transceiver 302
receives RE signals via the antenna 303, converts the signals
into the appropnately formatted data, and provides the data to
the processor 304. The processor 304 retrieves instructions
from the non-volatile memory 308 and, based on those
instructions, provides outgoing data to, or recerves Incoming
data from the transceiver 302. If needed, the processor 304
can write to, or read from the volatile memory 306, particu-
larly for caching data and instructions that the processor 304
requires 1n order for 1t to perform 1ts functions.

In one embodiment, the user interface 310 includes a
touch-sensitive display that displays, to the user, the output of
various application programs. The touch-sensitive display
depicts on-screen buttons that the user can press 1n order to
cause the UE to respond. The content shown on the user
interface 310 1s generally provided to the user interface at the
direction of the processor 304. Similarly, information
received through the user interface 310 1s provided to the
processor, which may then cause the UE to carry out a func-
tion whose effects may or may not be apparent to a user.

In an LTE embodiment, the multiplexing or multiple
access scheme used for communication between the network
entities and the UEs differs depending on whether the signals
are being sent 1n the UL direction (travelling from a UE to a
network entity) or in the DL direction (travelling from a
network entity to a UE). The multiple access scheme used in
the DL direction 1s a multiple-access version of OFDM called
Orthogonal Frequency-Division Multiple Access (OFDMA).
In the UL direction, Single Carrier Frequency Division Mul-
tiple Access (SC-FDMA) or DFT-SOFDM 1s typically used.
In an LTE implementation, the aggregated channel band-
width of the UL or DL carriers varies depending upon
whether CA 1s being used (e.g., up to 20 MHz without CA, or
up to 100 MHz with CA).

Reterring to FIG. 4, an LTE frame structure used for car-
rying data between the UEs and the network entities on both
UL carriers and DL carriers according to an embodiment of
the invention will now be described. In LTE operation, both
uplink and downlink radio frames are each 10 milliseconds
(10 ms) long, and are divided into ten subirames, each of 1 ms
duration. Each subirame 1s divided into two slots of 0.5 ms
cach. Each slot contains a number of OFDM symbols, and
cach OFDM symbol may have a Cyclic Prefix (CP). The
duration of a CP varies according to the format chosen (nor-
mal or extended CP), but 1s about 4.7 microseconds 1n the
example of FIG. 4A, with the entire symbol being about 71
microseconds. In the context of time-frequency, the subirame
1s divided into units of RBs, as shown 1n FIG. 4B. When a
normal CP 1s used, each RB 402 1s 12 subcarriers by 7 sym-
bols (one slot). Each RB (when a normal CP 1s used), in turn,
1s composed of 84 REs 404. Each RE 1s 1 subcarrier by 1
symbol. However, RBs and REs may be other sizes 1n other
embodiments. Thus, the terms RE and RB include time-
frequency resources of any size. In LTE, an RB or an RB pair
1s the typical unit to which resource allocations are assigned
for uplink and downlink communications.

Referring to FI1G. 5, an UL subirame structure used to carry
data from UFEs to network entities over an UL, carrier accord-
ing to an LTE embodiment of the mmvention will now be
described. In this embodiment, a UE transmits data and cer-
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tain types of control information to a network entity on a
Physical Uplink Shared CHannel (PUSCH). The UE trans-
mits control information to a network, entity on a Physical
Uplink Control CHannel (PUCCH). Data carried by the
PUSCH 1includes user data, such as video data e.g., streaming

video), or audio data (e.g., voice calls) A UE may also trans-
mit control information on the PUSCH, such as HARQ-ACK

teedback, CSI reports.

Each CSI report sent by a UE may include one or more of
a CQI, a PMI, a PTI, and an RI. The UE uses the CQI to
indicate the highest MCS that, if used, would result in DL
transmissions having a BLER of no more than for example
10%. The UE uses the PMI to indicate, to the network entity,
a recommended precoder matrix for DL transmissions. The
RI 1s used by the UE to recommend the transmission rank
(number of transmission layers) that should preferably be
used for DL transmission to the UE. The PTI distinguishes
slow fading environments from fast fading environments.

The control information transmitted by a UE on the
PUCCH includes HARQ-ACK {feedback, SR, and CSI
reports. The UE sends HARQ-ACK feedback in order to ACK
or NACK data that the UE receives from a network entity. An
SR 1s used by the UE to request UL resources from the
network, including from one or more network entities. CSI
reports are used by a UE to report, to a network entity, infor-
mation regarding the DL transmission channel as seen from

[

the point of view of the UE.

A UE may transmit an UL DM-RS and/or SRS during
communication with the network. The UL DM-RS 1s used by
a network entity for channel estimation to enable coherent
demodulation of the PUSCH and/or PUCCH. The SRS is
used by the network entity for channel state estimation to
support, for example, uplink channel-dependent scheduling
and link adaptation.

in an embodiment of the invention, there are different
PUCCH {formats, but regardless of format a PUCCH gener-
ally carries control information from UEs to network entities.
PUCCH resource blocks are typically located at the edges of
the UL carrier, while the RBs 1n between the edges may be
used for PUSCH resource assignment. In various embodi-
ments of the invention described herein, a network entity can
allocate resources of a PUCCH or a PUSCH to carry data
from UE to UE 1n D2D communication.

Referring to FIG. 6, a structure of a DL subirame used for
carrying data from one or more network entities to a UE on a
DL carrier will now be described. The frequency axis is
divided into subcarriers. The time axis 1s divided into sym-
bols. The subiframe 1s divided into RBs.

A network entity transmits several types of reference sig-
nals on the DL subirame. One such reference signal 1s Chan-
nel State Information Reference Signal (CSI-RS), which 1s
used by the UE to determine channel-state information (CSI).
The network entity provides the CSI-RS configuration to the
UE via RRC signaling. The RRC layer in the UE provides the
CSI-RS configuration information to the physical layer in the
UE (e.g., “ligher layer signaling™). The UE reports CSI to the
network entity. The CSI-RS 1s not necessarily transmitted in
all subframes.

Referring again to FIG. 6, other reference signals onthe D.
subirame include a Demodulation Reference Signal (DM-
RS) with the REs being referred to as DM-RS REs. Typically,
reference signals corresponding to antenna ports 7 and 8 are
multiplexed using Code Division Multiplexing (CDM) or
other scheme and are mapped to the same REs 1n time and
frequency domain. The subframe can also include other ret-
erence signals such as cell-specific reference signal (CRS),
positioning reference signal (PRS), primary synchronization
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signal (PSS) and secondary synchronization signal (SSS) that
are distributed 1n the control regions and/or user data regions
of the sub-frame.

As previously noted a UE, 1n an embodiment of the mven-
tion, requests uplink resources from the network by transmit-
ting a scheduling request (SR) to the network entity. Refer-
ring to FIG. 6, if the network enftity grants the request, 1t
responds by sending a scheduling grant to the UE. A sched-
uling grant 1s part of the downlink control information (DCI).
The network entity transmits the DCI on the PDCCH. The
scheduling grant provides the UE with parameters that the UE
uses to transmit data on the PUSCH. These parameters
include a data modulation and coding scheme, the transport
block size, a resource allocation, hopping parameters, power
control information, and other control information. Examples
of resources that can be allocated include resource blocks,
and bandwidth (transmission bandwidth) within, the trans-
mission bandwidth configuration.

According to an embodiment of the invention, the UEs and
cells communicate using carrier aggregation (CA) on the DL
and/or UL. In an L'TE embodiment, CA allows aggregating
multiple component carriers, each with a bandwidth up to 20
MHz, and transmit in parallel to, and/or recerve 1n parallel on
multiple component carriers from a single UE. CA increases

the site of the channel bandwidth (or aggregated channel
bandwidth) usable by the UEs and NEs. E

Each carrier ina CA
scheme 1s referred to as a component carrier (CC). Inan LTE
embodiment, up to five component carriers, each having up to
a 20 MHz channel bandwidth, can be aggregated together,
resulting 1in an aggregated channel bandwidth of up to 100
MHz.

The component carriers in a CA scheme do not need to be
contiguous in the frequencies or be within the same frequency
band. Refernng to FIG. 7A and 7B, three example CA
arrangements are depicted: (1) Intra-band aggregation with
frequency-contiguous component carriers; (2) Intra-band
aggregation with non-contiguous component carriers (3)
Inter-band aggregation with non-contiguous component car-
riers.

According to an embodiment of the invention, a UE com-
municates 1n a CA scheme using a downlink primary com-
ponent. carrier (DL PCC) and a corresponding uplink primary
component carrier (UL PCC). The DL PCC and the UL PCC
are each provided by a cell referred as Primary Cell (PCell).
The PCell provides the NAS mobility and security informa-
tion. In addition, the UE may have one or more secondary
component carriers (SCC) provided by one or more appro-

priately-configured Secondary Cells (SCells). The UE may
communicate over an SCC 1n either or both of the UL and DL
directions.
UEs do not have to use the same carrier as their primary
component carrier, nor do they have to aggregate the same
number of component carriers. For example, FIG. 7B shows
three UEs, each of which uses a different aggregation scheme:
UE1 uses no aggregation, UE2 uses symmetric aggregation
(two serving cells—PCell and SCell-—each with a compo-
nent carrier in the DL and UL), and UE3 uses asymmetric
aggregation (two serving cells, PCell with DL PCC and UL
PCC and SCell with only DL SCC). The primary component
carrier for each UE i1s designated with the letter P.
UEs may vary in their ability to use CA. Some may be able
to use CA while others may not. Furthermore, a UE may be
capable of CA 1n the downlink direction, but not 1n the uplink
direction (e.g., UE3 1n FIG. 7B).

Referring again to FIG. 1, a description of how UE1 com-
municates with the cells 101]{, 101;, and 101¢ according an
embodiment of the invention will now be provided. It 1s
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assumed 1n this description that cell 1014 1s the PCell, cells
1017 and 101 ¢ are SCells. It will also be assumed that cell 1015
1s configured as the “D2D cell,” i that 1t provides UL
resources for D2D communication. It 1s also assumed that
UE1 will engage in D2D communication with UE2.

UE1 1s mitially connected to cell 1014 via the DL and UL
carriers corresponding to cell 1014 Cell 1014 and UFE1
exchange messages (e.g., using RRC signaling) to set up CA.
These messages may include messages for signaling UE1’s
CA capabilities to cell 1015, and messages used by cell 1015 to
provide the CA configuration data to UE1. UE1 uses the CA
configuration data to communicate with cells 1014, 101, and
101c. For UL communication, UE1 transmits to cell 1014,
101;, and 101c using respective first, second and third UL
component carriers, each component carrier occupying 1ts
own channel bandwidth that 1s separate from that of the other
component carriers. UE1 may also recerve from the three
cells using multiple DL component carriers, but this disclo-
sure will focus primarily on the UL carriers. UE1 sends both
control information and user data to cell 1014 on a first UL
carrier. UE1 sends user data to cell 101¢ on the second UL
carrier. UE1 may also send user data to cell 1015 on the third
UL carrier.

To communicate directly with UE2, UE1 requests permis-
sion to engage 1n D2D communication with UE2. The per-
mission request may be sent to a network entity that controls
the aggregated cells, to the PCell 1014, or to cell 101;. In
response to the request, UE1 and UE2 are allocated time-

frequency resources of the second UL carrier on cell 101;.
UE1 and UE2 use the second UL carrier to communicate with

one another. Using these allocated resources e.g., RBs which
can be referred as “D2D RBs™) UE1 and UE2 create a data
stream, which, for example, 1s structured as a series of time-
multiplexed subirames or slots, 1n which each subiframe or
slot uses one or more of the allocated D2D RBs of the second
UL carrier.

More specific embodiments of the invention will now be
described. In the description, cell k (101%) 1s the PCell, cell
(1015) 1s the D2D cell, and cell ¢ (101¢) 1s an SCell that 1s not

a D2D cell. It 1s to be understood that there may be multiple
¢ cells. Various terms are defined as follows.

Total configured maximum output power of a UE
on all of the component carriers during subframe 1,
at which a UE is capable of transmutting. For
example, during subframe 1, (transmit power of the
UE on the component carrier of cell k) + (transmut
power of the UE on the component carrier of cell ¢) +
(transmit power of the UE on the component
carrier of cell j) 1s not permitted to exceed P 3,4 (1)
Configured maximum output power on the
component carrier of cell ¢ during subframe 1 at
which a UE 1s capable of transmitting. For
example, during subframe 1, the transmit power of
the UE on the component carrier of cell ¢ 1s not
permitted to exceed Pz v, (1).

Configured maximum output power on the
component carrier of cell | during subframe 1, at
which a UE 1s capable of transmitting. For
example, during subframe 1, the transmit power of
the UE on the component carrier of cell | 1s not
permitted to exceed P yypqx(1).

Configured maximum output power on the
component carrier of cell k during subiframe 1, at
which a UE 1s capable of transmitting. For
example, during subframe 1, the transmit power of
the UL on the component carrier of cell k i1s not
permitted to exceed Pz v (1).

P carax(1)

P CMAX a (1)

PC‘MAX; (1)

P CMAX,I{(D
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-continued

Pearax (1) Total configured maximum output power on all of
the component carriers except for the component
carrier of cell | during subframe 1, at which a UE is
capable of transmitting. For example, during
subframe 1, (transmit power of the UE on the
component carrier of cell k) + (transmit power of
the UE on the component carrier of cell ¢) 1s not
permitted to exceed Py A1),

Ppopasax(l) Maximum power at which a UE 1s permitted to
carry out D2D transmuission during subirame 1
regardless of component carrier

P pop asinll) Minimum power at which a UE is permitted to
carry out D2D transmuission during subframe 1,
regardless of component carrier

Penraxpopl)  Configured maximum output power at which a UE
1s capable of carrying out D2D transmission during
subframe 1

Prop(1) Power setting of a device-to-device signal
transmission from a first UE to at least a second UE
during subframe 1 without power scaling

Porrecull) Power setting of a UEs transmission over the
PUCCH (with UCI been included) during
subframe 1 without power scaling

Ppysca 1) Power setting of a UEs transmission over the
PUSCH (which does not contain UCI) to cell ¢
during subrame 1 without power scaling

Ppyrscar (1) Power setting of a UEs transmission over the
PUSCH (which contains UCI) to cell k during
subrame 1 without power scaling

E’ PUSCH.ol1); Linear values in dBm of Ppyreczr (1), Pprrscrr (i),

Ppuscr i) Porccal), Pearax(l), Pearaxill), Poopll), and

Pprreca(i), Pearax (1), respectively

P caraxll),

P carax (1),

Ppopl(i), and

Pearax A1)

w (1), wi(1), Power scaling coeflicients for cellular

and w (1) communication

Wo(1) Power scaling coefficient, for D2D communication

P puscH.e(1), Transmit power levels in linear values resulting

EPUCCH(D: 1;1' OITl POWEeT sgaling of f)P{gSC‘H,,c(i): f)PUCCH(i):

EPUEC‘H,I:G): PPUSCH,;;(U: Popli), and PCMAX,,—_;(D:

Pop(1), respectively

P carax (1)

As previously discussed, a UE that uses CA configures 1ts
transmit power so that i1t does not exceed P, ,.{(1) and
)

With respect to various embodiments of the invention,
techniques for configuring transmit power for each compo-

nent carrier 1n a CA scheme, including a component carrier
being used for D2D communication, will now be described.
The description will often refer to the UEs, NEs, and cells of
FIG. 1. However, 1t 1s to be understood that the embodiments
described are applicable to any suitable network.

In an embodiment of the invention, UE1 1s capable of UL
CA (e.g. mter-band CA or intra-band non-contiguous CA)
and carries out cellular uplink transmission and D2D trans-
mission simultaneously on difterent UL carriers. Py i 5 pop
(1) for UE1 on an UL carrier in this scenario can be different
tfrom P, ,,:{1) for UE1 on the UL carrier.

Reterring to FIG. 1, UL carrier resources on cell 1015 are
allocated to UE1 for D2D transmission in such a way that, 1f
those resources (or a portion thereof) are also to be used by
UE3 for cellular transmission, the degree to which the D2D
transmission interferes with UE’s cellular transmission (as
measured at NEj) 1s limited.

Assume, for example, that UE3 1s using the same PUSCH
RBs for cellular communication that UE1 1s using for D2D
communication. When NE;j schedules the D2D resources for
use by UE1, NE; determines what level of interference 1s
permitted to be experienced at NEj. The allowed interference
level may be determined based on metrics such as a target
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signal-to-interference and noise ratio (SINR) at NFEj, and the
received power of the cellular communication from UE3. NE;
signals the allowed interference level to UE1L. The signal may
not necessarily, be the actual value of the allowed interference
level, but may rather be a representation of that value, such as
an entry point of a look-up table (e.g., —100 dBm maps to 0,
—110 dBm maps to 1, etc.). Using the allowed interference
level, UE1 determines Pp,p .,.(1), possibly taking into
account the pathloss between NEj and UEL.

Alternatively, NEj may determine P, ,,.(1) and signal
P 15 p.aax(1) (Or a representation thereot) to UEL. P55 4,.(1)
may be different for each UE that 1s part of D2D communi-
cation (e.g., each UE of a D2D pair). For example, UE1 and
UE2 may engage in D2D communication with one another,
but have different allowed maximum transmit powers.

According to an embodiment of the invention, P, , 5 4.,(1)
tor UE1 can be determined based on a target SINR at the other
side of the D2D communication—at UE2, for example. This
target SINR 1s affected by, for example, the pathloss between
the D2D UE pair (UE1 and UE2), and the inter-cell and
intra-cell interference level observed at the other side of the
D2D communication (at UE2).

In an embodiment of the invention, Py, 5, ,,,.(1) for UEL 1s
less than Py /45 (1)

In accordance with an embodiment of the invention, UE1
determines the setting of the P, (1) (over the PUSCH) based
on factors such as the number of allocated D2D RBs, a base
received power level, the pathloss between the D2D UE pair
(UE1 and UE2), the D2D link spectral efficiency (e.g., the
number of bits per data subcarrier or resource element (RE),
the Modulation and Coding Scheme (MCS) of the D2D trans-

mission), Transmit Power control (1PC) commands etc. In an

embodiment, P,y 2., (10=P 5 n(0)=Prop 40 (V=P eprsx - In
an embodiment of the invention, P,,, (1) 1s not constrained by

aPrsn Mm(i)
In an embodiment, P,,(1) 1s upper bounded P, 5 pop

(1). Thus, Py, 5(1)=P car4x pop(1). In 0ne embodiment, the UE
sets PCMAX;Dw(l) at PCMMJ(I) thus) PCMAX,DZD(I) PCMAX,;
(1).

In another embodiment, the UE sets P,y 5,5(1) at

PDZD,Max(i): ’[21118 PCMM,:DZDG):PDEDM&XG)' _
In yet another embodiment, the UE sets P, ., v - 5(1) at

min(Prsp 27,1, Peaggx(1)).  Thus
MIN(P 105 470 (1D)s Poazax,(1)-

In an embodiment, when UEs simultaneously carry out
D2D transmission on the D2D cell (cell 1015), and cellular
uplink transmissions on one or more of the other serving cells
(cell 101% and cell 101¢), the total overall transmit power of
the UE (e.g., the actual D2D transmit power of the UE on the
component carrier of serving cell j+the actual transmit power
of the UE to serving cell k+the actual transmit power of the
UE to serving cell ¢) 1s bounded by P, ,,:{1).

In an embodiment, the total cellular transmit power (e.g.,
the actual transmit power of the UE to serving cell k+the
actual transmit power of the UE to serving cell ¢) 1s hounded
by Prarax_,(1).

According to one LTE embodiment, and P,y (1) and
P .,.5{(1) Tor a set of serving cells are determined by the UE
according to Section 6.2.5A TS 36.101 v11.3.0.

In an embodiment, Py 45 :(1), Pepggy (1), and Py, 5/(1)
satisty the following mequality (e.g. inter-band CA or intra-
band non-contiguous CA):

PCMAX,Dzﬂ(l):

PopraxiD)=P CMAX,,_j(f)Ep caraxti)

In an embodiment, for power-limited UEs (e.g., a UE
whose total transmit power would exceed P, (1)), power
scaling to the transmission(s) on one or more serving cells
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may be applied to keep the total transmit power of the UE and
the total cellular transmit power of the UE equal to or less than

Peazaxdl) and Py gy 5 (1), respectively. Accordingly,

7 Fa 1
Z wi () Ppyscu ¢ (D) + wa(i)- Ppap (i) + (1)

c#+ j,cF+k

w3 (1) - j'E’Pm;'{:H,k (D) + wa(D) - Prucen (D) < Pewax ()

(2)

D WD Pruscre (i) + wai)- Prusci (i) +wa(i) - Pruccu (i) <
c#+ j,cFk

Peaax,— (1),

where O=w, (1), w,(1), w,(1), w,(1)=<1 are power scaling coet-
ficients or factors, and PUSCH on the serving cell k (e.g.,
primary serving cell (cell 101%)) includes uplink control
information (UCI). Note that w, (1) values are the same across
serving cells, ¢ (¢c=], c=k) when w,(1)>0 but for certain serv-
ing cells w,;(1) may be zero. In an LTE embodiment,

Pruscr 1) Pruscai(1), and Pppecp(l) are determined
according to Section 3.1 in TS 36.213 v11.1.10.

According to various embodiments, the power scaling
coellicients for cellular communication, w, (1), w,(1), w,(1),
and the power scaling coetlicient for D2D communication,
w,(1), are different.

In one embodiment, allocating the transmit power of a UE
on the various component carriers occurs accordmg to the
following priority order (1) Py recri), (2) P ruscrx1) and
(3)P 5, ~(1). The reason for Porrecrdl) and P, o - (1) to have
a higher priority than P (1) 18 that the UCI contained in the
PUCCH and the PUSCH (of cell k) may include both cellular
and D2D related control infonnation. In this emboﬁimentj

power scaling 1s applied only to Ppp sz (1) and to Py, 5(1).
This 1s accomplished by setting w;(1)=w,(1)=1.However, 1t
hPUSC‘H(l) Of PPUSCH k(l)'l'PPUC‘C‘H(l) would  exceed
Pearax,—,(1) (e.g., tor intra-band contiguous CA), the power
scaling that 1s applied to P, (1) would be where w(1),
where O=w,(1)=1.

It the UE does not have a PUSCH transmission that
includes UCI, f’PUSCH’k(i):O. If the UE does not support
simultaneous PUCCH and PUSCH transmission, the UCI 1s
transmitted on the PUSCH and PPUCC‘H(I) =0 and PPUSCH L
(1)_m1n(PPUSCHk(1) PCMM (1), PCMAX(I)) It the UE has
simultaneous PUCCH and PUSCH with UCI transmission,
both the PUCCH and the PUSCH with UCI are transmitted on

the same serving cell k (cell 101%) and

P PUSCgﬁ(f):mingﬁ PUSCH,k(i):(ﬁ CMA.X;-;(I')—}S puccHl),
(P carax{D)—FPpreculi))).

Different scenarios for configuring UL transmit power will
now be described.

Scenar1o 1: D2D has the Lowest Priority

In this scenario, the D2D transmission has the lowest pri-
ority. That 1s, 1f the UE 1s power limited (1.e., total transmit
power of the UE would exceed P.,,,x(1), priority order for
transmit power allocation 1s (1) PPUCCH(I) (2) PPUSCH (1),

(3) PPUSCH (1), tollowed by (4) PDZD(I)

In an embodiment, P puscmr (1) and P, (1) can be deter-
mined such that they satisiy the inequalities of equations (1)
and (2), by applying the scaling coetlicients w, (1) and w,(1) to
Pprrscr A1) and Pp, (1) as tfollows:
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Z Ppysch.c(i) =

c#+ j,cFk
> Wi Pruscield ﬂmir{

cF f,c+k cF+ j.c+k

Ppap(i) = wa(i)- Ppap (i)

14

Z Prusc.c (s Pemax— (D) = Prycen () = P PUSCH,k(f)]

= Hﬂﬂ[ﬁ’mn(f% Peuax (i) — Z Ppusc,o(i) — Ppuccr (i) — Pruscr x (f)]

C+f,cFk

When f’CMMJ(i):f’CMAX(i)j the D2D transmission 1s
dropped

(wa(i) =0), 1t Z Prusci.o(i) = Peaax (D) — Prucen (D) = Ppuscr (D).
cF+ j.c+k

Note that w,(1) may be set to zero and the D2D transmission
dropped 1f Pp,,5(1) 1s small (e.g., smaller than a threshold,
smaller than P, ,,,(1)).
Scenario 2: D2D has the Highest Priority with a Certain
Guaranteed Power

In this scenario, D2D transmission has the highest priority,
and there 1s a certain guaranteed power for P, (1). The UE
may be configured to transmit the D2D transmission up to a
certain maximum power (P, p 7,,.:.41)), when power limited
(1.e., total transmit power of UE would exceed f’CM 4 x(1)). In
one embodiment, the UE 1s signaled the power-limited maxi-
mum D2D output power, Py, 5 7., In another embodiment,
the UE determines Pp,p ;. applying a D2D maximum
power reduction (D-MPR) to Peyyxpop(1), thus
P o 1imid )P earax.pop()-D-MPR. The D2D maximum
power reduction (D-MPR) may be signaled to the UE or
determined by the UE based on some predefined rules, such
as based on one or more of the number of D2D RBs, the
modulation scheme for D2D transmission, the position of the
D2D RBs, the channel bandwidth etc. Thus, 1n this case, the
priority order for transmit power allocation when power lim-
ited is (1) Ppop(i) up 10 Py 71, (linear value of Py, 7,000,

(2) PPUCCH(I) (3) PPUSCHk(l) tollowed by (4) PPUSCH ~1).
Dw(l) and PCM X j(l) can be determined as,

P ﬂza(f):miﬂ(ﬁ ﬂza(f)f ﬂza,Lfmf:(f))

P CMAxg_j(f):miﬂ(p CMAi—j(i):(p CMAX(f)_f)BED(I.)))

Subsequently, P, ecr(i) and P rusca(1) on serving cell
101%, and P 5y gz (1) on serving cell 101c can be determined
according to,

Prucen (i) = min(Ppycen (i), Pouax, (D)
Ppuscr (i) = Hﬁn(?jPUSCH,k(f)a (ﬁ' cmax,— ;1) — xirE’F'm:uc:‘h!(l‘f)))
Z Prusc,c(i) = Z w1 (i) Ppyscr (i) <

c#+ j,cF+k cF+ j,c+k

mln{ Z Prusc.c(D), Pepax.— (D) = Ppyccu (i) — Ppusch. (f)]
cF+ j.cFk

If w,(1)=0 any remaining power may be used tor D2D
transmission, allowing for Pp,5(1) to be greater than
P s p zimin 11 needed, according to:
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P CMA}L—j(f):miﬂ(ﬁ CMA}L—j(i):(ﬁ CMAX(f)—ﬁ D2D Limit

(1))
P PUCCH(f):miH(ﬁ PUCCH(I')JB C‘MAX;—_;(I.))

P PUSC‘Hﬁ(f):miﬂ(ﬁ PUSCHJ:(I'):(}B CMAE}—j(i)_‘ﬁ PUCCH

()

P ﬂza((f'))):miﬂ(p D20 aﬁ CMAX(I')—}B PUCCH(f)_ﬁJ PUSCH
i)).

Scenar1o 3: D2D has the Second Highest Priority Following

PUCCH
In another alternative, when the UE 1s powg—limited, the
priority order for power allocation may be (1) Pryecg(1), (2)

Pﬂzﬂ@): 3) PPUSCH,k(i) tollowed by (4) PPUSCH,c(i)' In this
case, P, (1) 1s determined according to

P ﬂza(f):miﬂ(ﬁ ﬂzﬂ(f)f’ CMAX(Il)_ﬁ puccall))

with w,(i)=1. Subsequently, P, .- (1) and S 7.(1), are
determined as

Ppyscr i (i) =
min{ Ppyscr e (1), min{ Peagax,— (D), Pearax (i) = Ppap () = Ppucen ()

Z Ppysca (D) = Z wi (1) - PPUSCH,(:(D < Hﬂﬂ[ Ppysch.c(1),
cF j,c+k

c#+ j.c+k cF+ j.c+k

min{Peaax - (D), Perrax () = Poap (D)) — Ppucen() — Pruscr (f)]

Scenario 4: D2D has the Third Highest Priority Following
PUCCH and PUSCH with UCI

In another alternative, when the UE 1s power-limited, the
priority order for power allocation may be (1) P srreceil), (2)

PPUSQH,k(l) 3) PDZD(I) tollowed by (4) PPUSCH,C(I) In this
case, P, (1) can be determined as according to

p ma@)Zmiﬂ(ﬁ’ 0@ P earax()-Ppyecn(i)-
Ppuscerili)),

with P rusca.(1) being determined according to
P PUSQHﬁ(f):miﬂ(ﬁ PUSCHJ:(I'):(? crax, (1)~
PPUCCH@)))'

P 5 sz, (1) Tor one or more cells ¢ 1s determined according to

Z P PUSCH.c(D),

cF j,cF+k

Z Ppuscy.o(D) = Z Wl(f)'PPUSCH,ﬂ(f){—:Hﬁ“(

cF j.c+k cF+ j.cF+k

min{ Peyax () = Ppap (i), Pomax — () = Prucen (D) = Ppuscr (f)]-
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Scenario 5: Dynamic Adjustment of Power Allocation
between D2D and PUSCH without UCI, with Prioritizing

PUCCH and PUSCH with UCI
In another alternative, for the power-limited UE, power
allocation between P, (i) and P pusc. 1) can be dynami-
cally adjusted based on service priority and Quality of Ser-
vice (QoS) classes of cellular and D2D communications,
while the transmit power of the cellular control signal, that 1s,
P, i) and f’PUSCHC(i) 1s maintained, prioritized and
determined as dlscussed above for the priority order of (1)
PUCCH(I) and (2) PPUSCH «{1). A D2D UE may reduce
P, 1x.—;(1) and allow additional power for P, (i) by using
an additional power scaling coellicient o. as follows:

Z wi (i) Ppusch e (i) <

C+J,cFk

Z Ppusch.c(D) ==

c#+ j,cFk

mlﬂ( Z Ppusci.c(D)s @ Peax — (D) — Pruccn (i) - }BPUSCH,JE:(D]
CHF J,CF+L
Ppap(i) = mi‘{?:’mz)(f),

Penax () — Z Poyscr () — Poycen(i) — P PUSCH,R(-‘E)}
CF f.cFk

where

(Pruccn(D) + Pruscr i (D) 1
<ao=<l.

Pepax.— ()

If a=1, the above equations are equivalent to the scenario 1,
where P, (1) has the lowest prionty. It

(Pruccr (D) + Pruscri ()

o = ﬂ
Pepax,— (i)

no power 1s allocated tor Pp; g0z (1) by setting w,(1)=0

In another embodiment of the invention, when the UE 1s
configured with cell j and cell k (cell 101; and cell 101%),

f’PUSCH’k(i),, Porrecre1), and P, (1) should satisty the fol-
lowing 1nequality:

Wz(f)'ﬁ ﬂzﬂ(f)"'wz,(f)'ﬁ PUSCHJ:(I')"'Wct(f)'ﬁ rucca(l)s

where O=w,(1), w3(1) w,4(1)=1. In this scenario, f’CMM_

(1)= PCMAXIC(I) In addition,) and PPUCCH(I) and PPUSCH k(l)
are determmed according to Section 5.11n'1536.213 v11.0.0,

and satisfy P, k(1)+PPUCCH(1){PCMMk(1) It the UE
does not have PUSCH transmission that includes

UCL,P ruscrx1)70. It the UE does not support simultaneous
P_.CCH and PUSCH transmission, UCI 1s transmitted on

PUSCH and PPUCCH(I) =0. If the UE has simultaneous
PUCCH and PUSCH transmission with UCI, both PUCCH

and PUSCH with UCI are on the same serving cell k (cell
101%).

In those scenarios in which P,,, (i) has the lowest priority
and the UE 1s power-limited and configured with the two cells
jand k, P,,, (1) can be determined as,

P E'EE'(I) wH(7) P BEB(I)_mlﬂ(P B:LD(I)JD caraxti)—
P rucca(l)- -P PUSCH, 1))

with w,(1)=w,(1)=1.
In those scenarios in which P P o> p(1) has the highest priority

with a guaranteed power up to P pap.rimia0d the UE 1s power-
limited and configured with the two cells, P, -.(1) and

P,,, (i) are determined as,
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P PUCCH(f):miH(ﬁ ruccH(l) aﬁ C‘MAX(I.)_IEJ BEE'.,L:‘mir(f))

P PUSC‘Hﬁ(f):miﬂ(ﬁ PUSC‘H,I:(I.):(ﬁ CMAX(I.)_ifJ D2D Limit

(D)~Ppucca(i))

P ﬂza((?))):miﬂ(ﬁ pop (i) f CMAX(Il)_Iﬁ PUCCH(I.)_ﬁ PUSCH.J
]

In the scenario that the D2D has the second highest priority
following PUCCH and the UE 1s power-limited and config-

ured with the two cells, the adjusted D2D transmit power 1s
given by

P p(6)=min(Pp50),L caraxO)—Ppoeca())
with w,(1)=1. The adjusted transmit powers of PUSCH with
UCL Pprser (1), 1s determined as,

P PUSQHﬁ(f):miﬂ(ﬁ PUSCH,k(f)nﬁ carax(®)=Ppop(i)-
Ppyccali))

In another alternative, for the power-limited UE and con-
figured with the two cells, power allocation between, P, (1)
and P ruscai{1) can be dynamically adjusted by using an
additional power scaling coelficient or factor a as follows:

Ppyscr x (i) = min(Ppyscr i (D, @ Payax 4 (D) = Pruccn (D)
Ppop(i) = min{ Ppop (i), Penax (D) — Ppuccn (D) — Pruscr (D)),

where

Prucen (D) o<1

?DCMAX,k (£)

If a=1, then P PUSCH’k(i):f’ ruscrrx(1) and accordingly, P
(1) has lowest priority. I

Prucen (D)

@ = -
Peaax 1 (1)

no power 1s allocated for transmission of PUSCH with UCI
when the UE has simultaneous PUCCH and PUSCH trans-

mission with UCI on serving cell k.
Referring to FIG. 8 and FIG. 1, a procedure 1n which a UE
allocates power and engages 1n D2D communication 1n par-

allel with network communication according to an embodi-
ment of the mvention will now be described.

At step 802, UE1 establishes a connection with NEk. NEk
configures UE1 for CA by giving UE1 the CA configuration,
such as which cells are to function as SCells (NEj and NEc 1n
this case) and where 1n the frequency spectrum the compo-
nent carriers are located. At step 804, NEk orders UE1 to use
CA (1.e., activate CA). At step 806, UE1 determines how
transmit power 1s to be allocated among the different compo-
nent carriers for cellular communication as well as for D2D
communication. UE1 makes this determination by carrying
out one or more of the procedures set forth 1n this disclosure.

At step 808, UE1 transmits to NEc, NE7, and NEk using the
power allocations that UE1 determined 1n step 806. In this
example, UE1 transmuits control information and user data to
NEk on a first component carrier. Also at step 808, UE1
transmits user data to NEj on a second component carrier, and
transmits user data to NEC on a third component carrier.

At step 810, UE1 engages 1 D2D commumnication with
UE2 using the resources of the second component carrier. The
determination as to which resources the UEs are to use for
D2D communication may be made by NEj and communi-




US 8,839,362 B2

17

cated to UE1 by NEj. UE1 also engages 1n cellular commu-
nication via NEk and NEc over the first and third component
carriers.

It can be seen from the foregoing that a method and appa-
ratus for device-to-device communication has been provided.
The terms, descriptions and figures used herein are set forth
by way of illustration only and are not meant as limitations.

For example, 1n the present disclosure, when two or more
components are “electrically coupled,” they are linked such
that electrical signals from one component will reach the
other component, even though there may be intermediate
components through which such signals may pass.

For example, interactions between UEs and NEs are often
described as occurring 1n a particular order. However, any
suitable communication sequence may be used.

LIST OF ACRONYMS

CA Carrier Aggregation
CoMP Coordinated Multi-Point

CP Cyclic Prefix
CQI Channel Quality Indicator

CRS Common Reference Signal

CSI Channel State Information
CSI-RS Channel State information Reference Signal
D2D Device to Device

DCI Downlink Control Information

DL Downlink

DM-RS Demodulation Reference Signal

DFT-SOFDM Discrete Fourier Transform Spread OFDM
eNB Evolved Node B

EPDCCH Enhanced Physical Downlink Control Channel
E-UTRA Evolved UTRA

FDD Frequency Division Duplex

HARQ Hybrid Automatic Repeat Request

LTE Long-Term Evolution

MAC Media Access Control

MCS Modulation and Coding Scheme

MIMO Multiple-Input Multiple-Output

OFDMA Orthogonal Frequency Division Multiple Access
PDCCH Physical Downlink Control Channel

PDSCH Physical Downlink Shared Channel

PHICH Physical Hybrid ARQ Channel

PMI Precoding Matrix Indicators

PRB Physical Resource Block

PRS Positioning Retference Signal

PSS Primary Synchronization Signal

PTI Precoder Type Indication

PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase Shift-Keying
RAT Radio Access Technology

RB Resource Block

RE Resource Element

REG Resource Element Group

RF Radio Frequency
RI Rank Indicator

RNC Radio Network Controller

RINTI Radio Network Temporary identifier
RRC Radio Resource Control

RRH Remote Radio Head

RS Reference Symbol
RSRP Reference Signal Recerved Power
RSRQ Reference Signal Recerved Quality

RSSI Recerved Signal Strength Indicator
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SC-FDMA Single-Carrier Frequency Division Multiple
Access

SFN System Frame Number

SIB System Information Block

SI-RNTI System information RNTI

SPS Semi-Persistent Scheduling

SR Scheduling Request

S-RNTI Serving RNC RNTI

SRS Sounding Reference Signal

SSS Secondary Synchronization Signal

TDD Time Division Duplex

TM Transmission Mode

TP Transmission Point

TTI Transmission Time Interval

CI Uplink Control Information

E User Equipment

ERS UE-specific Reference Symbol

L. Uplink

L-SCH Uplink Shared Channel

MTS Universal Mobile Telecommunications System

alclclclielie

The mnvention claimed 1s:

1. A method, on a first UE, for managing transmit power in
device-to-device communication and cellular communica-
tion, the method comprising:

determining a first configured maximum output power,

wherein the first configured maximum output power 1s
based on a configuration of a first cell;

determining a second configured maximum output power,

wherein the second configured maximum output power
1s based on the configuration of the first cell and a con-
figuration of a second cell;

determiming whether a total transmit power would exceed

the second configured maximum output power; and

i1 1t 1s determined that the total transmit power would

exceed the second configured maximum output power,

performing steps comprising:

determining a cellular transmit power based on one or
more of a plurality of factors, the plurality compris-
ing: the first configured maximum output power, the
second configured maximum output power, and the
relative priority of service of device-to-device com-
munication and cellular communication;

transmitting a cellular signal on a carrier of the first cell
at the determined cellular transmit power;

determining a device-to-device transmit power based on
one or more of a plurality of factors, the plurality
comprising: the first configured maximum output
power, the second configured maximum output
power, and the relative priority of service of device-
to-device communication and cellular communica-
tion; and

transmitting a device-to-device signal to a second UE on
a carrier of the second cell at the determined device-
to-device transmit power; wherein:

Wz(f)'? pop(0)+w3(0)P PUSC‘Hﬁ(f)+W4(f)'ﬁ Puccr(l)E
P cagax(l);

P, ,(i) is the linear value of power setting of device-to-
device signal transmission from the first UE to the

~ second UE without power scaling;

P o5 (1) 18 the linear value of power setting of cellu-
lar uplink data channel signal transmission from the

_ first UE to a primary cell k without power scaling;

P - ~2(1) 1s the linear value of power setting of cellular
uplink control channel signal transmission from the

first UE without power scaling;
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f’CMMﬁ(i) 1s the linear value of the first configured
~ maximum output power level;

P a,,+{(1) 1s the linear value of the second configured
maximum output power level;

P PUSCHJ:@)"‘ﬁ PUCCH(f)Eﬁ CMAX k(i);

w,(1), w4(1) and w,(1) are power scaling factors; and
the determined device-to-device transmit power and the
determined cellular transmit power are:

P Dza(f)zwz(f)'ﬁ 20(1), 10
P PUSCHJ:@):W:J,(I')'JB PUSCH,I:(I.):

Ppyreca®)=wal) Ppyecnli), and
15
O=w, (1), w3(i),w,(i)=1.
2. A method for transmitting over a plurality of uplink
carriers, the method comprising:
receiving an indication, from a network entity, to perform
device-to-device communication on a first uplink carrier 20
of the plurality of uplink carriers;
determining a total configured maximum output power, the
total configured maximum output power being based on
maximum power requirements for a plurality of config-
ured serving cells associated with the plurality of uplink 25
carriers:
transmitting a device-to-device signal on the first uplink
carrier at a first transmit power level 1f the total transmat
power of the UE would exceed the total configured
maximum output power, or at a second transmit power 30
level 11 the total transmit power of the UE would not
exceed the total configured maximum output power; and
transmitting a set of cellular signals on one or more uplink
carriers of the plurality of uplink carriers other than the
first uplink carrier at a first set of transmit power levels if 35
the total transmit power of the UE would exceed the total
configured maximum output power, or at a second set of
transmit power levels 11 the total transmit power of the
UE would not exceed the total configured maximum
output power; 40
wherein the total configured maximum output power 1s a
first total configured maximum output power, the
method further comprising:
determining a second total configured maximum output
power, the second total configured maximum output 45
power being based on the maximum power require-
ments for the plurality of configured serving cells
except a cell associated with the first uplink carrier;
wherein the first set of transmit power levels of the set of
cellular signals 1s based on one or more of the first and 50
second total configured maximum output powers;

20

wherein the first transmit power level of the device-to-
device signal, P,,, (1), and the first set of transmit power
levels of the set of cellular signals, P, ccr (i),
f’PUSCH’k(i), and f’PUSCHﬁ(i), for subirame 1 satisly
inequalities comprising:

>0 wiD)- Pruscir.e(i) +wa(i) - Ppap (i) + (1)
CF f,CFK

w3 (1) lj'ﬁj';ir:w:c.uhf:.ﬁc @) +wa (D) - Prucen (D) < Peyax ()

and
Z w1 (D) Ppusca,e(D) + w3 (D) - Prusc i (i) + wali)- Ppuccn (i) < (2)
c+ J,cFk
Peuax —i(D)3;
wherein:

P o rscmr.o(1) 18 the linear value ot power setting of cellu-
lar uplink data channel signal transmission from the
first UE to a serving cell ¢ and that does not include
uplink control information without power scaling;

P (1) 18 the linear value of power setting of device-to-
device signal transmission from the first UE to the

~ second UE without power scaling;

P s (1) 18 the linear value of power setting of cellu-
lar uplink data channel signal transmission from the
first UE to a serving cell k and that may include uplink
control information without power scaling;

P, crr(1) is the linear value of power setting of cellular
uplink control channel signal transmission from the
first UE over an uplink control channel without power

~ scaling;

P carax (1) 18 the linear value of the first total configured

_ maximum output power level,

Pcazax. (1) 18 the linear value ot the second total config-
ured maximum output power level; and

w, (1), w,(1), w5(1) and w,(1) are power scaling coetfi-
cients, wherein:

P PUSCH,c(f):Wl(f)'ﬁ pUSCH, e (1);
Py p()=wo(1) Ppo p(i);

P PUSCH,,Ic(f):WB(Il)'ﬁ pUSCH )]
Pppeca(®)=wa @) Ppyecp(i); and

O=w(),w-(1),w3(i),wy(i)=<1.

G ex x = e
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